Background. We aimed to determine whether serum soluble CD30 (sCD30) could identify recipients at high risk for unfavorable early and late kidney transplant outcomes. Methods. Serum sCD30 was measured on the day of kidney transplantation and on the 4th day posttransplant. We assessed the value of these measurements in predicting delayed graft function, slow graft function (SGF), acute rejection (AR), pyelonephritis, decline of allograft function after 6 months, and graft and patient survival during 5 years of follow-up in 45 recipients. Results. We found the association between low pretransplant serum levels of sCD30 and SGF. The absence of significant decrease of sCD30 on the 4th day posttransplant was characteristic for SGF, early AR (the 8th day-6 months), late AR (>6 months), and early pyelonephritis (the 8th day-2 months). Lower pretransplant and posttransplant sCD30 predicted worse allograft function at 6 months and 2 years, respectively. Higher pretransplant sCD30 was associated with higher frequency of early AR, and worse patients' survival, but only in the recipients of deceased-donor graft. Pretransplant sCD30 also allowed to differentiate patients with early pyelonephritis and early AR. Conclusions. Peritransplant sCD30 is useful in identifying patients at risk for unfavorable early and late transplant outcomes.
Introduction
Kidney transplantation is the optimal long-term treatment for most patients with end-stage chronic kidney disease [1] . However, death with functioning graft and chronic renal allograft dysfunction are the major obstacles to improve outcomes after kidney transplantation [1] . Infections, cardiovascular diseases, and cancer are the major causes of death with functioning graft [2] [3] [4] , whereas acute rejection (AR) and impairment of initial kidney allograft function are among the major risk factors of chronic renal allograft dysfunction [5] [6] [7] . Thus, there is an urgent need to develop the reliable biomarkers to identify patients at higher risk of premature death or allograft loss. CD30 is a member of the tumor necrosis factor/nerve growth factor receptor superfamily [8] , which is preferentially expressed by human T cell clones producing T helper (Th) type 2 cytokines, and can be released in a soluble form (sCD30) by activated cells [8, 9] .
The ability of sCD30 to predict unfavorable outcomes after kidney transplantation has generated wide interest in the recent years; however, findings have been inconclusive. Many investigators have shown that higher pretransplant sCD30 is an indicator for the risk of acute kidney graft rejection [4, [9] [10] [11] , although there are discrepancies regarding the ability of sCD30 to predict timing of AR occurrence [12] and thresholds of sCD30 [4, 5, 9, 10] . Moreover, a lot of studies [5, [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] , including a meta-analysis by Chen et al. [21] , failed to confirm that sCD30 pretransplant measurements could differentiate patients with and without AR. The relationship between pretransplant sCD30 and acute tubular necrosis (ATN) or delayed graft function (DGF) has been investigated in several studies. Some authors showed that ATN was characterized by low pretransplant levels of sCD30 [23] ; however, other authors did not find such an association [17] . Pelzl and coworkers found that pretransplant sCD30 could differentiate patients with DGF and AR [23] , whereas other groups [12, 17] did not confirm that finding. Contradictory data are reported regarding association of pretransplant levels of soluble CD30 and incidence of posttransplant infections [4, [24] [25] [26] .
Many studies have examined the relationship between posttransplant sCD30 and AR. Some authors discovered an association of high early posttransplant sCD30 and risk of AR [14, 20, 23, 27] , whereas others failed to show such a relation [18, 19, 22] . One group, which evaluated the association between pre-and posttransplant sCD30, reported that the absence of significant decrease of sCD30 posttransplant was characteristic for AR but not for DGF or uncomplicated course [20] .
The association of higher pretransplant sCD30 [9, 10, 15, 16, 25, 28, 29] and posttransplant sCD30 [27, 28, [30] [31] [32] with increased risk of graft loss and worse graft survival was found in most published studies, including several large multicenter studies [9, 10, 32] . However, these results were not confirmed by other authors [5, 19, 33] . There have been only a few studies that examined the association of pretransplant levels of sCD30 with patient survival that yielded inconclusive results [4, 9, 25, 26, 34] .
Several important questions remain unanswered. It is not entirely clear the significance of sCD30 dynamics from preto posttransplant [13, 20] . Also, different types of initial function were not considered [12, 17, 20] . Most studies included only recipients of cadaver graft [9, 10, 14, 25] or living-donor graft [5, 11, 28] . Sources describing the relationship of sCD30 with long-term kidney allograft function are few and contradictory [5, 19, 30, 31, 33, 35] . Finally, the effect of sCD30 on the survival of recipients is poorly described in the literature [4, 9, 25, 26, 34] , which argues for the necessity of further study. We aimed to check the hypothesis that serum pre-and posttransplant sCD30 could identify recipients at high risk for unfavorable early and late transplant outcomes such as impaired initial function, AR, pyelonephritis, decline of allograft function after 6 months, and graft and patient survival during 5 years of follow-up. 2.2. Laboratory Methods. Donor-recipient blood group matching was identical in all patients. All included patients had negative results of microlymphocytotoxicity crossmatch at the time of transplantation (<5%). Information on HLA status of recipients and donors and panel-reactive antibody (PRA) status of recipients was not available for most patients and thus not presented. Serum for the analysis of sCD30 was collected on the day of transplantation prior to introduction of immunosuppressive therapy and on the 4th day posttransplant. For measuring, sCD30 serum had been frozen and stored at minus 40°С. We evaluated sCD30 concentrations at 3 months after the last patient was discharged from the hospital. We assessed serum sCD30 concentrations in pretransplant samples from all enrolled persons and in "day 4"-sera from 33 selected patients. These 33 patients consisted of 23 persons who experienced slow graft function (SGF) and DGF, as well as AR or pyelonephritis within the first 3 months and 10 persons with uncomplicated course. Serum sCD30 content was determined using the commercially available ELISA kit of Bender MedSystems (Vienna, Austria) according to the manufacturer's protocol. We measured the absorbance using a plate reader from Tecan Sunrise (Austria). As indicated by the manufacturer, the intra-assay variance of this assay is 4.1% and the interassay variance is 5.6%. sCD30 levels reported by the manufacturer for healthy population ranged from 17.5 U/mL to 130.7 U/mL, with a mean level of 38.7 U/mL.
Materials and Methods

Risk Factors and Outcomes Examined.
In this study, we assessed an independent value of serum sCD30 pretransplant and early posttransplant in predicting adverse posttransplant outcomes. Archival patient records and outpatient cards were used to obtain more information on major risk factors, evolution of allograft function, and outcomes.
Pretransplant variables included recipient's age; gender; weight; cause of ESRD; dialysis modality and duration; presence of chronic arterial hypertension which is defined as a regular intake of antihypertensive drugs; previous transplants, pregnancies, and transfusions; use of induction therapy; and type of initial immunosuppression. Donor variables included source (living or deceased), age, and cause of death for deceased donors (stroke or traumatic brain injury); heart-beating versus non-heart-beating deceased donors; cold ischemia time; and second warm ischemia time. We also obtained the information related to posttransplant course as follows: type of initial graft function, serum creatinine at discharge from the hospital, episodes of acute rejection and their characteristics, episodes of pyelonephritis, date of graft failure (defined as the date of reinitiation of dialysis), and date of death.
We classified initial allograft function as follows: immediate graft function (IGF), SGF, that is, serum creatinine on day seven ≥300 μmol/L without evidence of AR or pyelonephritis, or DGF, that is, requirement for dialysis in the first week posttransplantation without evidence of AR or pyelonephritis. For linear regression analysis, the initial allograft function was classified as follows: immediate function (0 points) or impaired function, that is, SGF (1 point), or DGF (2 points). AR was defined by the need for treatment, with or without biopsy confirmation. AR episodes were classified as very early (0-7th day), early (the 8th day-6 months), and late (>6 months). Two of twelve (17%) of acute rejection episodes were confirmed by renal biopsy. For linear regression analysis, episodes of AR were classified as follows: absence of AR (0 points), AR successfully treated by steroid therapy (1 point), and steroid-resistant AR (2 points). We defined pyelonephritis by characteristic symptoms, a urine sediment analysis, and a urinary culture test. Episodes of pyelonephritis were classified as early (the 8th day-2 months) or late (>6 months).
Patients, enrolled to this study, were followed for five years until death/return to dialysis or until December 2012. In the course of the follow-up period, we recorded serum creatinines measured in all patients at months 1, 3, 6, and 12 and annually until graft failure/death or last follow-up. These serum creatinines were used to estimate the glomerular filtration rate (eGFR) with the Chronic Kidney Disease Epidemiology Collaboration equation. We calculated slopes in eGFR during a period of 1-6 months (mL/min/1.73 m 2 / month) and 6 months-5 years (mL/min/1.73 m 2 /year) for each patient, having at least three eGFR measurements during each period, by the linear mixed effects model with varying intercepts and slopes. We determined the proportion of patients having an eGFR slope ≥−5 mL/min/1.73 m 2 /year and the proportion of patients having an eGFR drop of ≥25% from 6 months, since both measures indicate progressive loss of kidney function [36] . During the followup, a total of four deaths with functioning graft occurred and six grafts failed. For six patients, who returned to dialysis, we imputed a GFR of 10 mL/min/1.73 m 2 . The endpoints of the study were DGF; SGF; episodes of AR and pyelonephritis; the eGFR at 1, 3, and 6 months and annually up to 5 years; the slope of eGFR [1] [2] [3] [4] [5] [6] Frequency data are expressed as percentages, and for comparison, we applied the chi-square test. Relative posttransplant changes of sCD30 levels in subgroups of patients were expressed as delta percentages and compared as appropriate. To identify predictors of eGFR at different times posttransplant and those of eGFR slope, multiple linear regression with backward stepwise selection was used. We used logistic regression analysis to identify independent predictors of SGF, AR, a certain drop in eGFR, and a rapid decline in eGFR. In addition, we calculated areas under the receiveroperating characteristic curves (AUC) to assess the capability of sCD30 and other variables of interest to discriminate patients with SGF and early AR from those with an uncomplicated course, as well as, between early AR and early pyelonephritis. Cutoffs were derived from the ROC curve to yield empirical optimal sensitivity and specificity. For some analyses we used previously determined by Susal and coworkers clinically relevant threshold for pretransplant sCD30 of 100 U/mL [9] . Cumulative survival was calculated by the Kaplan-Meier method and compared by log-rank test. We used Cox regression to analyze the effect of risk factors on survival. Statistica 7.0 (StatSoft Inc., Tulsa, USA) and SPSS (version 19.0 SPSS Inc., Chicago, USA) packages were used for statistical analyses. Statistical significance was set at P < 0 05.
Results
Baseline Characteristics of Patients.
Patients' baseline characteristics are depicted in Table 1 . The majority of the patients received the first kidney graft from a heart-beating deceased donor. Eighty percent of the patients received anti-CD25 antibodies for induction immunosuppression. Some patients had previous kidney transplants, transfusions, or pregnancies (Table 1) .
sCD30 Levels and Their Correlation with Clinical
Variables at Baseline. Table 2 outlines pre-and posttransplant levels of sCD30 in different subsets of patients. Pretransplant serum sCD30 levels ranged from 9.1 to 169.6 U/mL with a median value of 49.5 U/mL, and they were higher in younger patients (r = − 0 373, P = 0 012) as well as in the recipients of living-donor graft (rho = −0.312, P = 0 037, Table 2 ). Pretransplant sCD30 levels were not associated significantly with pregnancies, transfusions, and previous transplantations. Posttransplant sCD30 levels decreased in most patients and ranged from 8.8 to 56.7 U/mL with a median value of 23.1 U/mL, and they were not influenced by baseline recipients and donors' characteristics. Pre-and posttransplant sCD30 levels significantly correlated with each other (r = 0 535, P = 0 001). The significant decrease of sCD30 posttransplant (P < 0 01) was observed irrespectively of donor age. However, the median decline was more pronounced in the recipients of grafts from younger (−54.46%) than from older (−27.31%) donors (P = 0 019). The decrease was significant only in recipients of deceased-donor graft (P < 0 001). sCD30 declined significantly posttransplant both in males and in females (P < 0 001), and the median decline was more evident in males (−52.68%) than in females (−24.02%) (P = 0 053). The significant decrease was absent in women with previous pregnancies (P = 0 068). The decrease was significant only in patients on pretransplant hemodialysis (P < 0 001) versus those on peritoneal dialysis (Table 2) . We observed significant decrease of posttransplant sCD30 levels only in patients (N = 27) who received anti-CD25 antibodies for induction therapy (P < 0 001).
3.3. Initial Graft Function, Acute Rejection, Pyelonephritis, and Predictive Variables. Outcomes of early and late posttransplant period are summarized in Table 3 . Pretransplant levels of sCD30 did not differ significantly between patients with IGF (N = 29): 54.8 (36.9-72.6) U/mL and DGF: 46.6 (36.2-64.2) U/mL (P > 0 05). However, sCD30 levels were lower (P = 0 046) in patients who experienced SGF: 27.3 (21.7-40.1) U/mL, compared to those in the IGF group. Logistic regression showed that lower pretransplant sCD30 was a weak but significant predictor of SGF (OR = 0.95, CI: 0.90-1.00, P = 0 046). None of other variables were associated with SGF or DGF. Lower pretransplant sCD30 exhibited fair discriminatory power in predicting the SGF (AUC = 0.781, CI: 0.613-0.948, P = 0 023). We derived the cut-off value of 60.1 U/mL from the ROC curve (see Figure 1 ), where sCD30 exhibited the highest sensitivity for SGF (100%). Posttransplant sCD30 levels did not differ according to type of initial graft function (P = 0 551, Table 4 ). Levels of sCD30 decreased significantly on the 4th day posttransplant in patients with IGF and DGF (Table 4 ) but remained on the pretransplant level in the SGF group.
Overall, 27% of patients had episodes of very early, early, and late AR during follow-up (Table 3) . Two cases of late AR diagnoses were confirmed histologically, and we found acute/ active antibody-mediated rejection. All episodes of very early AR were effectively treated with steroids, whereas two cases of early AR and two cases of late AR were steroid-resistant. All patients with steroid-resistant AR had unfavorable prognosis: three of them returned to dialysis in 7, 11, and 16 months, respectively, and the fourth patient died in 13 months due to pulmonary tuberculosis.
Pregnancies predicted occurrence of AR at any time (OR = 16.00, CI: 1.46-174.90, P = 0 019). Pregnancies (OR = 12.67, CI: 1.21-133.03, P = 0 029) and cold ischemia time (OR = 1.48, CI: 1.00-2.20, P = 0 046) predicted early AR. Pretransplant levels of sCD30 did not differ ) U/mL (P > 0 05). When we randomized patients according to the median pretransplant sCD30 (49.5 U/mL), the frequency of early AR was higher in the high sCD30 group (31.8% versus 8.7%) with tendency to significance (P = 0 053). Pretransplant sCD30 significantly predicted the occurrence of only early AR and exclusively in the recipients of cadaver grafts (OR =1.05 (1.00-1.09), P = 0 035). In multivariate analysis, both pregnancies and higher pretransplant sCD30 predicted the early AR in the recipients of deceased-donor graft: OR = 23.31, CI: 1.05-517.08 (P = 0 039) and OR = 1.05, CI: 1.00-1.09 (P = 0 033), respectively. The ROC curve on Figure 2 shows the ability of pretransplant sCD30 to predict early AR in this subgroup: AUC = 0.829, CI: 0.613-1.000, P = 0 033. sCD30 exhibited good specificity (85.7%) and sensitivity (75%) at the cut-off value of 70.6 U/mL. Posttransplant sCD30 levels did not differ according to the occurrence and timing of AR (P > 0 05, Table 4 ). Levels of sCD30 decreased significantly on the 4th day posttransplant in patients without AR, and with very early AR, but the decrease was not significant in patients with early and late AR (Table 4) . Five (11.1%) and two (4.4%) patients had early and late pyelonephritis, respectively (Table 3) . Patients with and without early pyelonephritis did not differ significantly in their sCD30 levels pretransplant: 27.3 (21.7-59.9) U/mL versus 50.2 (35.1-72.1) U/mL, P = 0 220, and in their levels of sCD30 posttransplant as well (Table 4 , P = 0 119). sCD30 significantly decreased posttransplant only in patients without early pyelonephritis (Table 4) . Development of early pyelonephritis was predicted by the duration of pretransplant dialysis (OR =1.05, CI: 1.01-1.10, P = 0 010) and by SGF Very early (0-7th day), n (%) 5 (11.1) Early (the 8th day-6 months), n (%) 4 (8.9) Late (>6 months), n (%) 3 (6.7) Pyelonephritis episodes during follow-up, n (%) 7 (15.6) Early (the 8th day-2 months), n (%) 5 (11.1) Late (>6 months), n (%) 2 (4.4) Death with functioning graft during follow-up, n (%) 4 (8.9)
Graft failure during follow-up, n (%) 6 (13.3)
n: number of patients investigated. * Numbers (percentages).
(OR = 28.00, CI: 2.41-325.24, P = 0 006), whereas only SGF was significant in multivariate analysis (OR = 26.19, CI: 1.64-417.61, P = 0 017). Pretransplant sCD30 levels were significantly lower in patients with subsequent development of early pyelonephritis compared with those who experienced early AR (P = 0 040). Figure 3 shows the ROC curve for ability of serum sCD30 to discriminate recipients with early pyelonephritis and early AR. The analysis yielded an AUC of 0.938, CI: 0.762-1.000, indicating excellent prognostic value (Р = 0 043), and at the cut-off value of 65.3 U/mL, sCD30 displayed the highest specificity (100%) and good sensitivity (75%).
The Evolution of Allograft Function and the Predictive
Variables. Median serum creatinine at discharge was 187 (136-242) μmol/L. During the first 6 months, allograft function gradually improved. The median slope of eGFR 1-6 months was 1.29 mL/min/1.73 m 2 /month, and its magnitude was correlated only with episodes of early AR (rho = −0.313, P = 0 037). After 6 months, the median annual slope was negative: −0.93 mL/min/1.73 m 2 /year. Only two patients demonstrated rapid decline in eGFR of >−5 mL/min/1.73 m 2 /year from 6 months to 5 years, and this decline was correlated with episodes of AR at any time and late AR: rho = 0.298, P = 0 046, and rho = 0.313, P = 0 037, respectively. Nine patients (20%) had lost ≥25% of eGFR by the end of the 5th year that correlated only with previous transplantations (rho = 0.310, P = 0 041). Pretransplant and posttransplant sCD30 did not demonstrate association with slopes in eGFR, as well as with their steepness and magnitude.
Predictive variables for eGFR at different times are presented in Table 5 . Impairment of initial graft function predicted lower eGFR at 1, 3, and 6 months in multivariate analysis. AR demonstrated negative impact on eGFR at 6 months. Previous transplants predicted lower eGFR at 3 years. Lower pretransplant sCD30 was not independently associated with lower eGFR at 3 months; however, lower sCD30 independently predicted lower eGFR at 6 months (Table 5) . We observed significantly (Р < 0 05) lower eGFR at 1, 3, and 6 months in patients with pretransplant sCD30 < 100 U/mL: 42 , respectively, in patients (N = 4) with pretransplant sCD30 ≥ 100 U/mL. Lower sCD30 on the 4th day posttransplant independently associated with lower eGFR at 2 years (Table 5 ).
Patient and Graft Survival and Predictive Variables.
During the follow-up, a total of four deaths with functioning graft occurred. Causes of deaths were stroke, pulmonary tuberculosis, myocardial infarction, and primary renal cell carcinoma. The 5-year patient survival rate was nonsignificantly better in patients with shorter pretransplant dialysis (100% versus 82.6%, P = 0 061). Cox multivariable analysis showed that duration of dialysis had an impact on patients' survival: HR = 1.029 (1.010-1.049), P = 0 003. Pretransplant sCD30 did not influence patients' survival in the whole cohort (data not shown); however, 5-year survival of the recipients of deceased-donor graft with pretransplant sCD30 ≥ 100 U/mL (N = 2) was 50% versus 94.6% in the group (N = 37) with pretransplant sCD30< 100 U/mL (P = 0 008, Figure 4 ). Cox analysis confirmed that high pretransplant sCD30 significantly predicted worse 5-year survival rate in the recipients of cadaver graft: HR 1.04 (1.00-1.08), P = 0 021.
Six patients lost their grafts because of allograft dysfunction, in three of whom acute antibody-mediated rejection (N = 2) and thrombosis of allograft vein were confirmed histologically. Three other patients lost their grafts due to chronic allograft dysfunction. The 5-year graft survival rate was 58.3% in patients who experienced AR at any time versus 97.0% in nonrejecting patients (P = 0 002). Patients with early AR also exhibited worse allograft survival: 50.0% versus 90.2 in nonrejectors (P = 0 002). In Cox regression, only episodes of AR at any time and early AR predicted allograft loss: HR = 18.18 (2.11-156.33), P = 0 008, and HR = 9.72 (1.71-55.25), P = 0 010, respectively. sCD30 pretransplant had no impact on 5-year graft survival in the whole group, which constituted 100% in patients with pretransplant sCD30 ≥ 100 U/mL versus 85.4% in the group with pretransplant sCD30 < 100 U/mL (P > 0 05), HR = 0.99 (CI: 0.97-1.02), P > 0 05. Pretransplant sCD30 also had no impact on graft survival in the recipients of cadaver graft (Figure 4 ), which was 100% in patients with pretransplant sCD30 ≥ 100 U/mL versus 83.8% in the group with pretransplant sCD30 < 100 U/mL (P > 0 05), HR1.00 (0.97-1.03), P > 0 05. sCD30 levels on the 4th day posttransplant had no significant impact on patients' and graft survival in the whole group and in the recipients of cadaver graft as well (data not shown). 
Discussion
The search for noninvasive biomarkers of nonfavorable kidney transplant outcomes is an urgent need. In this study, we found that higher pretransplant sCD30 predicted higher frequency of early AR, and worse patients' survival, but we observed this particular effect only in the recipients of deceased-donor graft. Lower pretransplant serum level of sCD30 was associated with SGF. The absence of significant decrease of sCD30 on the 4th day posttransplant was characteristic for SGF, early and late AR, and early pyelonephritis. Pretransplant sCD30 also allowed to differentiate patients with early pyelonephritis and early AR. Lower pretransplant and posttransplant sCD30 predicted worse allograft function at 6 months and 2 years, respectively. Our first finding is that higher pretransplant sCD30 predicts episodes of only early AR, and this effect is observed only in the recipients of deceased-donor graft. Apparently, the immune system of recipients with higher sCD30 is more activated [29] ; hence, patients are prone to reject more immunogenic graft of inferior quality, which is typical for cadaver kidney [37] . Prognostic role of sCD30 for AR was established earlier in several studies of cadaver kidney transplantation [4, 11] , including large multicenter trials [9, 10, 14] . Some authors showed the ability of pretransplant sCD30 to predict AR in living-donor kidney transplantation [11] and in a mixed population of patients who received allografts from deceased and living donors [16] . However, as in our study, other authors did not observe association between pretransplant [5, 22] and early posttransplant [22] sCD30 levels and frequency of AR in live-related renal transplant program. Our observation confirms and completes literature data that show the value of pretransplant assessment of sCD30 in the prediction of kidney graft rejection [4, [9] [10] [11] . Nevertheless, in our study, higher pretransplant sCD30 significantly predicted AR in a time-dependent fashion: within the period from the 8th day to 6 months. Particular time of occurrence of AR is often associated with different clinical and histopathological characteristics [7, 38] . Although diagnosis of early AR was clinical and not histological, indeed, episodes of early AR shared several features of antibody-mediated rejection. Characteristically, they were predicted by history of pregnancies, 50% of them were steroid-resistant and they significantly worsen allograft survival [7, 38, 39] . Literature data also show that higher levels of sCD30 are associated with Th2-mediated immune response [8, 9] and higher risk of antibody-mediated rejection [40] [41] [42] . Even though we did not have data on PRA status of our patients, pretransplant sCD30 levels were not associated with such clinical markers of sensitization as pregnancies, transfusions, and previous transplantations. This finding indirectly confirms existing data [9, 29, 40] that T cell activation marker sCD30 is a good indicator of immunological risk apart of antibody sensitization. Our results also imply that pretransplant sCD30 can help in risk stratification of patients without classical signs of sensitization that was suggested earlier by other authors [43] . Pretransplant sCD30 has high specificity and sensitivity in predicting early AR in the recipients of deceased-donor graft at a threshold of 70.6 U/mL in our study. Predictive values of sCD30 for AR reported by other authors were in average higher and ranged from 100 U/mL to 400 U/mL [4, 5, 9, 10] . However, they were not time-specific [9, 10] , or were established in patients who received kidney transplant from living-donors [5] , or from mixed donor population [4] . Several groups showed that sCD30 pretransplant measurements could not differentiate patients with and without AR, but the authors disregarded timing of AR [13, 17] or included into their study only transplantations from living donors [5] . Moreover, negative results, obtained by some authors, can be attributed to use of potent immunosuppression (e.g., tacrolimusbased immunosuppression or regimen with rituximab for induction) [18] . Since Altermann and coworkers [44] found high degree of variation of sCD30 values pretransplant, which limits its implementation as a prognostic marker, we also assessed this biomarker on the 4th day posttransplant. sCD30 has decreased posttransplant in most patients, which is in agreement with previously published results [14, 17, 20, 32] . Like several other studies [18, 19, 22] , our study could not reproduce results showing association of higher sCD30 on the 3rd-5th days posttransplant with ongoing or impending AR [17, 23, 27] . One of the reasons for this was that posttransplant levels of sCD30 in our cohort were generally lower than those reported in the literature [13, 17] . Furthermore, the decrease of sCD30 after transplantation was associated in our patients with the use of anti-CD25 antibodies. Most patients in the study (80%) received induction therapy; hence, they were at lower risk for AR [45] . Nevertheless, we suggest that further investigations are necessary to evaluate the predictive value of posttransplant sCD30. We have also shown that patients, in whom sCD30 did not fall significantly posttransplant, developed more frequently early and late AR. The absence of decrease of serum sCD30 posttransplant in patients with impending AR was described earlier by other authors [20] . The decrease of sCD30 after transplant in our study was absent or was less significant in females, especially in those with pregnancies in anamnesis, in the recipients of the kidney from older donors, and in recipients of livingdonor graft. As highlighted by several studies [39, 46, 47] , all these factors might provoke sensitization and, consequently, higher incidence of AR. In addition, we found a link between previous pregnancies and AR, as well as between previous transplants and worse function at 3 years, which confirm negative consequences of presensitization in our patients' cohort. Since the use of anti-CD25 antibodies led to significant decrease of sCD30 after transplantation, we suggest that patients with high pretransplant sCD30 can profit from the use of anti-CD25 antibodies or other intense immunosuppressive therapy directed on T cells, which was considered earlier by other authors [9, 15] .
Our second significant result is that lower pretransplant sCD30 is associated with higher incidence of SGF but not with DGF. Pretransplant sCD30 showed fair power to discriminate patients with SGF. We found no published data on the relationship between pretransplant sCD30 and SGF, although the absence of association between higher pretransplant sCD30 and DGF was reported previously [14, 17] . Association of pretransplant sCD30 with SGF seems to be important considering that SGF shares ethiopathogenesis with DGF, and both conditions have worse prognosis compared with IGF [6] . Lower pretransplant sCD30 could be a marker of those risk factors that could trigger SGF in our patients' cohort, like use of deceased-donor graft. Patients with SGF also demonstrated the absence of significant decline of sCD30 on the 4th day posttransplant. Accordingly, the dynamics of sCD30 from pre-to posttransplant might be used to help diagnose SGF, since this diagnosis is often subjective [6] . It is also worth mentioning that several authors have postulated the participation of T lymphocytes in ischemic-reperfusion injury after kidney transplantation [48, 49] . They suggest that impairment of initial function is characterized by a prevalent Th1 phenotype within the graft [48] , for which lower sCD30 is more characteristic, as evidenced by the literature [8] . Thereby, our data support the immune paradigm of ischemic reperfusion injury [49] .
We further demonstrated that sCD30 significantly decreased posttransplant in patients without pyelonephritis within the period from the 8th day to 2 months, whereas the decrease was not significant in a subset of recipients who experienced pyelonephritis. Early pyelonephritis in our patients was also associated with previous SGF in multivariate analysis. The association of urinary tract infections with delayed graft function was shown earlier by some authors [50] . Thus, the absence of decline of sCD30 posttransplant and subsequent development of pyelonephritis could simply reflect the effects of SGF itself. Additionally, the absence of decline of sCD30 posttransplant can mirror ongoing Th2 activity and thereby lower activity of Th1 lymphocytes, which can predispose patients to urinary tract infections [26, 51, 52] . We also managed to show that pretransplant serum sCD30 could differentiate patients with the risk of early AR (high sCD30) or early pyelonephritis (low sCD30).
We report here the association of lower pretransplant and early posttransplant sCD30 levels with lower GFR at 6 months and 2 years, respectively. Impaired initial function and episodes of AR are also shown to be independent predictors of lower eGFR at 6 months, and so, can be used, along with pretransplant sCD30, in predictive models. As long as lower pretransplant sCD30 was associated with transplantation from deceased donor and SGF, it is logical to assume that suboptimal graft function at 6 months also might be linked to these conditions, which is supported by the literature [1, 6] . Lower posttransplant levels of sCD30 in individual patients, in its turn, can be explained by lower pretransplant levels of this biomarker, as our analysis show moderate correlation between them. On the contrary to our results, several groups found the association of higher pre-and posttransplant sCD30 with worse allograft function [5, 30, 31, 35] up to 2 years [35] and 3 years [5] or reported the absence of such a link [19, 33] . Thus, more studies are needed to elucidate the relationships between sCD30 and late allograft function.
Similar to several earlier studies [5, 19, 33] , we have found no association of pre-or posttransplant sCD30 levels and graft survival. However, other groups found the link between higher pretransplant sCD30 [9, 10, 15, 16, 25, 28, 29] and posttransplant sCD30 [28, [30] [31] [32] and increased risk of graft loss or worse graft survival. These discrepancies might be due to relatively smaller-sized and more heterogeneous cohort in our study, and also because of different threshold used. We also noted that in papers cited above, posttransplant sCD30 was measured from the 30th day to 1 year posttransplant, comparing to the 4th day in the present research. We suppose, as well, that the absence of the effects of sCD30 serum levels on allograft survival could be related to the use of anti-CD25 antibodies in most of our patients. Previously, Kovac and coauthors concluded that immunosuppression with anti-CD25 antibodies and a triple CsA-based maintenance regimen could prevent the negative effect of higher pretransplant sCD30 on kidney graft function at 3 years after transplantation [33] .
Our last finding is the association of higher levels of pretransplant sCD30 with worse survival of the recipients of deceased-donor graft. This result, although obtained on a very small sample, is in line with published data on the association of higher sCD30 levels and worse patients' survival after cadaver kidney transplantation [9, 25] . In our study, three deceased-donor kidney recipients died from cerebral hemorrhage, tuberculosis, and cancer, respectively. As highlighted in the literature, cerebral infarction [53] , tuberculosis [54] , and cancer [55] are characterized by a shift of Th1/Th2 balance toward Th2 and downregulation of cellmediated immunity. High sCD30, as a Th2 marker, may reflect the risk of these complications, which is supported by the literature [24, 56] . The association of higher pretransplant sCD30 with increased frequency of early AR can also be taken into account, because AR itself is an independent risk factor for malignancy and coronary heart disease after kidney transplantation [2, 3] .
Our study has several limitations. It was a single-center study carried out on a small group of Caucasian patients. Therefore, in a study with a larger cohort, some nonsignificant results may become significant. Some significant results, which are although in agreement with literature reports, need to be interpreted with caution. For the same reason, the cutoff values calculated for sCD30 should be considered preliminary, and they also require validation in an independent cohort. We had no data on PRA or donor-specific antibodies, so we had to make conclusions about the possible effects of sensitization only on the basis of clinical data. Also, not all acute rejections and causes of allograft loss were biopsyproven and classified according to the Banff criteria. Further studies are needed to approve that peritransplant sCD30 serum levels can be a reliable marker of unfavorable transplant outcomes.
Conclusions
The results of the present study demonstrate the association between low and high pretransplant and posttransplant serum sCD30 and unfavorable short-and long-term outcomes after kidney transplantation. Higher pretransplant sCD30 portends a higher risk of early AR and worse patients' survival but only in the recipients of deceased-donor graft. Low pretransplant sCD30 is characteristic for SGF. The dynamics of sCD30 from pre-to posttransplant is important: sCD30 does not decrease significantly posttransplant in patients with SGF, early and late AR, and early pyelonephritis. Pretransplant sCD30 also allows to differentiate patients with early AR or SGF and those with uncomplicated early posttransplant course as well as to differentiate patients with early AR and early pyelonephritis. Lower pretransplant and posttransplant sCD30 are associated with suboptimal kidney graft function at 6 months and 2 years, respectively. We conclude, therefore, that peritransplant sCD30 have promise to improve individual risk prediction of unfavorable kidney transplant outcomes.
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